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THE LOCAL INDUCTION OF CARCINOMA OF THE
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In the course of experiments employing methylcholanthrene as
a carcinogen after India ink injections, an entirely unexpected occur-
rence of adenocarcinoma of the mammary gland was encountered in
female mice of 2 distinct strains. A similar result occurred without
the previous injection of India ink. As the usual result following
methylcholanthrene administration subcutaneously is sarcoma, the
present observation of adenocarcinoma of mammary tissue is of in-
terest. The data so far obtained are as follows:
Male and female mice of seven distinct genetic strains (NH,
HE, CBA, C57, JK, CBAN, and N) were injected subcutaneously,
when 24 hours or less of age, with 0.05 cc. of Higgins (Wrico)
India ink. Two months later, the mice were injected subcutane-
ously with 1 mg. of methylcholanthrene dissolved in sesame oil.
The sexes were not separated. At present, 42 mice have developed
tumors at the site of the injection of methylcholanthrene; 16 of
these have been in males, 26 in females. All the tumors in the 16
male mice were sarcomas. Eighteen of the tumors in females have
also been sarcomas. Eight of the female mice have developed
adenocarcinoma of the mammary gland at the site of injection
(Figs. 1 to 3). Six of these 8 have been in female mice of the NFL
strain; 2 of them have been in female mice of the JK strain. These
8 carcinomas of the mammary gland have been encountered at 82,
104, 163, 173, 184, and 199 days. following the injection of the
methylcholanthrene in female mice of the NH strain, and at 203
and 217 days in the female mice of the JK strain.
Female mice ofboth the NH and JK strains kept under the same
laboratory conditions as those in the present experiment have an
extremely low incidence of spontaneous tumors. In fact, the indi-
viduals of the JK strain are considered to be the nearest approach
to a resistant-to-cancer strain that has ever been developed by one of
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the present authors. Not a single spontaneous tumor has ever been
encountered in an NH individual since the origin of the strain three
years ago.
Recently the experiment has been repeated with the methyl-
cholanthrene, without the India ink, and so far two mice of the NH
strain have developed carcinomas of the mammary gland. It is
felt, consequently, that the injection of the India ink in the first
experiment has had no effect upon the induction of these tumors.
Later a female mouse of the NH strain painted with a 1 per cent
solution of methylcholanthrene developed a carcinoma of the
mammary gland near the site of painting.
General Discussion
The complete analysis of the present experiment must wait until
further data are obtained. It is clear, however, that the injection
of methylcholanthrene dissolved in sesame oil has induced car-
cinoma of the mammary gland locally. Whether the reproductive
function of the gland has also influenced the induction of these
tumors can only be determined by repetition of the experiment on
virgin mice. The observation, here recorded, seems to suggest the
idea that carcinoma of the mammary gland in mice may be brought
about during the physiological functioning of the gland in the pres-
ence of a carcinogen. A genetic or strain difference may also be
indicated, since in this experiment when 7 genetic strains were used
and the individuals were kept under the same experimental condi-
tions, carcinoma of the mammary gland has so far occurred only in
female mice of 2 strains which are somewhat closely related. It
must also be kept in mind that the propensity to develop early sar-
comas may in some cases interfere with a tendency to develop car-
cinoma of the surrounding tissue also.
The conception has repeatedly been advanced that the type of
tumor induced by a carcinogen depends largely upon the type of
cell that comes in contact with the chemical agent over a long enough
period. Dunning, Curtis, and Bullock2 offer the following sug-
gestion: "It would therefore seem that the potency for malignancy
must be a universal cell characteristic and the histogenesis of the
tumors must be determined by the fortuitous exposure to an irritant
of the various types of cells." They further state that "the prob-
ability of the occurrence of the malignant change was not influenced
by the genetic constitution of the host."
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It has long been known that when the agent is applied on the
surface of the skin, epithelioma usually results. When, however,
the material is injected subcutaneously sarcoma is the rule. Many
attempts have been made to induce other than these conventional
types of neoplasia by the carcinogens. Among the successful
attempts may be mentioned that of Kennaway and Sampson,5 who
for the first time reported the induction of epithelial tumors by the
injection of pyrogenous products of cholesterol directly into the
ducts of the mammary gland of the rabbit. They state, "The
products obtained by heating cholesterol to about 800 C. caused
epithelioma of the skin in mice and a duct papilloma of the mam-
mary gland in a rabbit." Ilfeld4 obtained squamous-cell carcinoma
of the uterus and kidney in mice, as well as of the kidney in rats,
by the injection of 1:2:5:6 dibenzanthracene. He also reported 2
cases of liver cell carcinoma following the intrahepatic injection of
the same agent in mice. Moore and Melchionnal° reported that
squamous-cell carcinoma of the prostate in rats could be produced
in 75 per cent of all cases by injection directly into the gland of a
5 per cent solution of 1:2 benzpyrene.
Many investigators have demonstrated that the genetic constitu-
tion of the host does play a part in the origin of the induced-tumor
by a carcinogen. Among these workers have been Lynch,9 Ander-
vont,1 and Kreyberg.6' 8 Lynch9 has already shown that the sus-
ceptibility to give rise to an induced tumor is clearlyinherited accord-
ing to the accepted laws of Mendelian heredity. Kreyberg, follow-
ing a very carefully controlled investigation, indicated that greater
strain or genetic differences were disclosed in the induction
oftumors when moderate orminimal amounts ofthe carcinogen were
used. Strong, Smith, and Gardner"1 have recently shown that a con-
stitutional factor is involved in the production of benign liver
tumors.
The present investigation has demonstrated a strain or genetic
difference in the induction of carcinoma of the mammary gland by
methylcholanthrene. This conclusion is based on the observation
that, so far, such tumors have only been obtained in 2 of 7 distinct
inbred strains of mice treated in exactly the same manner. It is
further noteworthy that these 2 strains are genetically related and
are both characterized by averylow incidence of spontaneous tumors
of the mammary gland. It is also of interest that the normal mice
of the JK strain, when attempts have been made to subject them to
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long-continued estrogen treatment, have been found to be extremely
intolerant, so that death occurs at an early period.
The examination of the involuting mammary glands of 12 JK
female mice has failed to disdose any visible hyperplastic nodules
which are so characteristic of the involuting glands of female mice of
the A, C3H, D, and CBA strains.3 The tumors reported in the
present small series have been adenocarcinomas of mammary gland
which show many areas of squamous metaplasia. The growths
form in the mammary region where methylcholanthrene has been
deposited by injection. Normal mammary tissue is recognizable in
the immediate neighborhood, as well as oil cysts from the original
injection. It is felt that the ongin of these glandular growths may
be in the ductal region of the mammary tree.
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spontaneous hepatoma. Yale J. Biol. & Med., 1938, 10, 335.FIG. 1. An adenocarcinoma of the mammary gland in a JK female mouse,
obtained in 203 days at the site of the subcutaneous injection of I mg. of methylcho-
lanthrene dissolved in 0.1 cc. of sesame oil. x 250.
FIG. 2. An adenocarcinoma of the mammary gland in a NH female mouse
obtained after 82 days in the region of the subcutaneous injection of the carcinogen.
x 135.
Fig. 3. An area taken from an adenocarcinoma of the breast in the same mouse
as given in Fig. 2. The tumor has assumed the form of keratinizing squamous
epithelium.